The extent of double strandedness of avian myeloblastosis virus 70S RNA has been determined from fluorescence measurements of the intercalation of ethidium bromide. We have shown that 50% of the nucleotides of 70S RNA in solution are in a stable helical configuration. This value does not include small helical regions that are too unstable to permit intercalation of the dye. The avian myeloblastosis virus RNA as it exists within the virion has the same degree of helicity as the free 70S RNA. Heating the free 70S RNA to 55 or 70 C, followed by cooling, does not measurably change the degree of helicity; the subunits therefore have as much helicity as the parent molecule.
The extent of double strandedness of avian myeloblastosis virus 70S RNA has been determined from fluorescence measurements of the intercalation of ethidium bromide. We have shown that 50% of the nucleotides of 70S RNA in solution are in a stable helical configuration. This value does not include small helical regions that are too unstable to permit intercalation of the dye. The avian myeloblastosis virus RNA as it exists within the virion has the same degree of helicity as the free 70S RNA. Heating the free 70S RNA to 55 or 70 C, followed by cooling, does not measurably change the degree of helicity; the subunits therefore have as much helicity as the parent molecule.
The RNA of oncornaviruses consists primarily of a high-molecular-weight species sedimenting in the 60 to 70S range (5, 6, 16) . It is apparently composed of three or four large subunits which dissociate upon heating or on treatment with dimethylsulfoxide (1, 5, 15) or formamide (19) . It is generally assumed that the subunits are held together by hydrogen bonds, giving rise to double-helical regions in the molecule. However, the extent of the helicity and the conformation of the 70S RNA are uncertain, both within the virion and after isolation.
Estimates of the helical content of the RNA have been made from its resistance to the specific single-strand nucleases (8, 9, 13, 14, 20 Virus and RNA isolation. Plasma was stored at -70 C and was thawed just prior to use. All operations were performed at 0 to 4 C. After thawing, the plasma was filtered through four layers of gauze and layered on top of a glycerol cushion, and virus was pelleted onto the cushion by centrifugation at 25,000 rpm for 1 intensity of the source. The ratio (V) of fluorescence intensity of bound EB to the intensity of free dye was determined for each RNA at 546 nm. For 28S rRNA and 4S RNA it was 50; for Reo and AMV RNA it was 70. No corrections for light scattering were found necessary at the concentrations and instrumental settings used in these experiments. Measurements were made on 1.1 ml of solution in a cuvette (2-mm path length). EB at a concentration of about 10-' M was added to the cuvette by an automatic pipette capable of delivering 1 to 200 Aliters. The concentration of RNA in terms of phosphate was in the range of 1 x 10-6 to 10 x 10-6 M. The buffer was a mixture of 0.1 M NaCl and 0.05 M Tris (pH 7.8). Measurements were made at 25 C. The combined instrumental and experimental error was generally less than 2%.
RESULTS
The number (n) of EB-binding sites per nucleotide phosphate, and the strength of binding (k) are given by rlc = kn -kr, where r is the number of EB molecules bound per nucleotide phosphate at a free EB concentration of c. Clearly, n is the limiting value of r at infinite EB concentration. EB shows significant fluorescence only when it intercalates between base pairs. Theoretically, a maximum of one EB molecule can be bound per two phosphate groups (i.e., n = 0.5), assuming that intercalation can occur between each pair of base pairs. Because of steric reasons, the actual number bound will always be substantially less than this.
The value of r is calculated from the intensity of fluorescence, Ib, in the presence of RNA, as follows: r = Ib/(k -P), where k = IOV/cO I is the intensity of fluorescence in the absence of RNA, the other conditions being identical to those under which I, is measured. C0 is the EB concentration (moles per liter), V is the ratio of intensities of bound and free EB, and P is the nucleotide phosphate concentration. (In a formal way, k is identical to an absorbance extinction coefficient.)
Reo virus and 28S rRNAs. Reo virus and 28S rRNAs have been chosen as models of known structure to provide a basis for estimating the degree of helicity of 70S RNA. For this reason, we have determined complete EB-binding curves for both RNAs (Fig. 1) a The number of phosphate groups per EB molecule is the reciprocal of n, the value of r at the abscissa in Fig. 1 (18) . Thus, we were able to correct for the small increment in the intensity of fluorescence due to this irrelevant RNA (which amounts to 20% of the total RNA in the virus [7] ). The extent of intercalation in 28S rRNA is also low, as discussed above. We did not determine the binding of EB to the 5, 7, or 18S RNAs, but since these RNAs comprise only about 8% of the total RNA, their contribution to the total fluorescence is low and can be neglected. We estimate this contribution to be about 2%, assuming that the extent of binding is about the same as for the 4S and 28S RNAs.
The results for the binding of EB to 70S RNA in NP-40-disrupted virions (Fig. 1, curve 2 ) again are fit best by a straight line, indicating that there is only one set of binding sites. The value for n (0.025), however, is slightly higher than that for isolated 70S RNA. We do not know the significance of this difference, if any.
In the determination of a complete binding curve, increasing amounts of EB are added to a fixed concentration of RNA and then are extrapolated in both directions to infinite EB concentration and zero EB concentration to obtain n, the number of binding sites, and k, the binding constant. In the case of the undisrupted virus, the RNA content of the virion is low, so that the amount of RNA required for binding studies at low EB concentrations produces a turbidity too high to permit meaningful measurements. That is, nearly all of the fluorescence is lost by light scattering. It is thus impossible to determine k. However, the value of n can be determined with a small quantity of virus and a large excess of EB. This procedure is tantamount to a direct determination of the number of EB molecules bound at infinite EB concentration. The value of n determined for 70S RNA within the virion is 0.022, identical to that for isolated 70S RNA (Table 1) . This indicates that the secondary structure of the 70S RNA does not change upon isolation. Heated 70S RNA. Heating of 70S RNA results in two specific changes (3). At 55 C at this ionic strength the molecule dissociates into 35S subunits, which are still active as primer-templates in assays in vitro. At 70 C, virtually all of the 70S dissociates into 35S subunits and apparently small (<10S) primer RNAs are dissociated from these subunits with a concomitant loss of template activity. 70S RNA samples were heated to each of these temperatures in the cuvette and were cooled quickly in ice to minimize reannealing. The binding of EB to the heat-treated RNAs is shown in Fig. 2 , where it is evident that the curves for the samples heated either to 55 C or 70 C are identical to that for unheated 70S RNA. Any destruction of helicity at 55 or 70 C is therefore largely reversible.
DISCUSSION
We have determined the binding constants and the number of sites at which intercalation of EB occurs for AMV 70S RNA in various physical states, using fluorescence measurements to indicate intercalation. It has been established that fluorescence results from intercalation of the EB molecule between base pairs present in a helical structure, and not from binding to single-stranded nucleic acids (11). Our results are summarized in Table 1 with the fluorescence phenomenon. This has been reported earlier both for DNA and RNA (11).
By comparing the number of binding sites for 70S RNA to that for Reo virus RNA, which is completely double-stranded, we calculate the degree of helicity of the AMV 70S RNA to be 50%. Because the molecular weights of these RNA molecules are high, differences in molecular weight do not affect the binding properties (11). However, this value may be a minimum if there are also double-stranded regions in the 70S molecule which are too short to bind EB. We have assessed this situation by comparing the degree of helicity of 28S rRNA calculated by different methods. The fluorescence measurements reported here indicate that 26% of 28S RNA is double stranded by comparison with Reo virus RNA. However, it has been shown by various other physical methods that about 60% of this RNA is helical (17) , with regions that have been estimated to be 4 to 17 base pairs long (4) . We have shown (L. F. Cavalieri, unpublished data) that helical regions equal to or larger than 10 base pairs bind EB. We deduce then that helical regions which are about 4 VOL. 14, 1974 
